Introduction
Gaseous detonations in most hydrocarbon mixtures are generally unstable with transverse waves interacting at the shock front that forms the characteristic irregular cellular structure. It has been established that the propagation of the detonation wave in these mixtures relies on the role of detonation instability, and that detonation limits in tubes and the critical tube diameter problem are due to a local failure mechanism where instabilities fail to be maintained at the wave front. Using the detonation cell size λ to characterize the unstable cellular structure, dynamic parameters usually follow well with classical empirical correlations. For example, the critical tube diameter scales with the detonation cell size according to the d c = 13λ correlation [1, 2] . The critical energy for direct initiation of spherical detonations [3, 4] can also be scaled adequately from the explosion length R o ≈ 26λ where R o = (E c /p o ) 1/3 . Exceptions to these universal correlations were mixtures with high argon dilution that emerged from smoked foil measurements, the corresponding detonation structure is found to be highly regular [5] .
Highly argon diluted mixtures were often considered as special mixtures to investigate the dynamics of detonation including failure in detonation limits and the critical tube diameter problem [6] . In these mixtures, the propagation relies mainly on the shock ignition mechanism and the ZND induction length scale represents an appropriate chemical length to correlate with different dynamic detonation parameters [4] . Detonation limits in tubes and the transmission of a detonation wave from a confined tube into a sudden open area are also thought to be governed by a global failure mechanism. This global mechanism appears to be driven from excessive front curvature, above a critical value of which a steady ZND detonation can no longer be obtained [2, [7] [8] [9] . To clarify the two possible modes of failure mechanism, i.e., one caused by suppression of instability and the other by excessive curvature, previous studies often considered the two extreme cases, i.e., detonations in undiluted C 2 H 2 /O 2 mixtures and diluted C 2 H 2 /O 2 mixtures with argon addition more than 70%. Only few studies systematically investigate the quantitative effect of increasing amount of argon dilution on the behavior of the detonation wave and its dynamic parameters. It is of interest not only to look at the transition of the two proposed distinct modes of propagation and failure mechanism, but also to study different scaling relationships and to determine what quantity of argon diluent in the explosive mixture such that cellular instabilities start to become less significant in the detonation dynamics.
In this study, the critical tube diameter and critical energy of direct initiation of spherical detonations in stoichiometric C 2 H 2 /O 2 mixtures diluted with varying amount of argon from 0% to 70% at different initial pressures are measured experimentally. New experimental data of critical tube diameter and critical initiation energy are first reported, and the relation between these detonation dynamic parameters along with increasing amount of argon dilution in stoichiometric acetyleneoxygen mixtures are then discussed.
Experimental Details
Mixtures of stoichiometric C 2 H 2 /O 2 with different argon dilutions were investigated, and the sensitivity of the mixtures was controlled by the initial pressure p o which ranges from 11 -141 kPa. The mixtures are prepared beforehand in a separate vessel by the method of partial pressure and the gases were allowed to mix for at least 24 hours to ensure homogeneity. Schematics of the experimental setups are shown in Fig. 1 . Both experimental configurations were previously used for the same type of measurement for other hydrocarbon systems [4, 10] . In short, direct initiation experiments were carried out in the high-pressure spherical chamber of 20.3 cm in diameter and 5.1 cm in wall thickness. The direct detonation initiation of a spherical detonation was achieved via a high voltage spark discharge from an ignition circuit. The energy was delivered through the end of a slender electrode with a 3.5 mm spark gap located at the top of the spherical chamber. The initiation event was recorded by the signal from a PCB piezoelectric pressure transducer. The procedure to distinguish detonation initiation or failure, and details to estimate the actual spark discharge energy from the ignition system can be found in authors' previous studies [4, 10] . For the critical tube diameter measurement, the setup connected a vertical circular steel tube to the same high-pressure spherical chamber. Different diameters of the tube D were considered, i.e., D = 19.1, 15.5, 12.7 and 9.1 mm. The tube diameter D was varied via inserting smaller diameter tubes. The detonation was initiated at the top of the vertical circular steel tube and subsequently transmitted into the relatively larger spherical chamber. A piezoelectric shock pin was mounted at the bottom of the spherical bomb, which was used to record the time-of-arrival signals of the wave so that to distinguish a successful or unsuccessful transmission of the detonation.
